The intrinsic lifetime of the upper level in the bound-bound 3d 9 4s 2 2 D 3/2 → 3d 9 4s 2 2 D 5/2 radiative transition in Ni − was measured to be 15.1 ± 0.4 s. The experiment was performed at cryogenic temperatures in one of the ion-beam storage rings of the DESIREE (Double ElectroStatic Ion Ring Experiment) facility at Stockholm University. The storage lifetime of the Ni − ion-beam was measured to be close to five minutes at a ring temperature of 13 K.
since this requires storage of negative ions over long times. The first experiments of these types were carried out at the magnetic storage ring CRYRING [24, 25] . However, such measurements are best made in devices that are designed so that stray magnetic fields, which may affect transition rates [26] , are minimized. The development of the first electrostatic storage ring ELISA [27] and the electrostatic bottle technique by Zajfman et al. [28] are important technological steps forwards in this domain.
Bound excited states in negative ions are sometimes extremely fragile, with binding energies which may be only on the order of a few meV, and therefore require cryogenic storage to avoid detachment by blackbody radiation. The first investigation of negative ions at cryogenic temperatures was demonstrated in the so called CONEtrap device [23, 29] . This was followed by a cryogenically operated Zajfman trap [30] , and very recently three cryogenic electrostatic ion storage rings have been put into operation [31] [32] [33] . This latest development opens up the possibility of investigating anions in an entirely new time regime.
As mentioned above, states that are forbidden to decay through single photon electric dipole (E1) transitions within the LS coupling approximation are often long-lived and their lifetimes range from ms and upwards. If such a state is to undergo a radiative transition to an energetically lower bound state, it must do so via much slower processes such as magnetic and/or higher-order electric multi-pole transitions, or transitions in which more than one photon is emitted. Examples include: magnetic dipole (M1), electric quadrupole (E2), and/or two-photon transitions (2E1).
Lifetime measurements of long-lived excited bound atomic anion states reported up to this date are those for the upper levels in the np 5 The present experiment was conducted in the cryogenic storage ring DESIREE. A full description of this facility, and the procedure for lifetime measurements can be found in references [31, 34, 35] , so only a brief description is given here. Atomic anions of Ni were produced in a cesium-sputter ion source (SNICS II) [36] . The ions were accelerated to an energy of 10 keV to form an ∼ 10 nA Ni − ion beam which was injected into the symmetric storage ring, as can be seen in Fig. 2 . The population of the metastable state was probed as a function of storage time by means of photodetachment by a chopped laser beam (Fig. 2 ).
The resulting 10 keV Ni atoms were detected by a micro-channel plate detector (MCP)
operating at cryogenic temperatures [31, 35, 37] .
A series of mirrors and lenses guided the chopped laser beam through windows in the inner and outer vacuum chambers of DESIREE [31] to intersect the stored ion beam at an angle of 90
• . The laser intensity at the intersection with the ion beam was of the order of mW/cm 2 . The duty cycle of the mechanical shutter, used to control the chopping of the laser beam, was varied between 5% and 20% and the effective decay rate was measured as a function of this parameter. This way we established that the influence on the measured decay rate was negligible at the duty cycle applied in the actual measurement [38] .
We thus detach the excited state with the chopped laser light for fixed durations at regularly-spaced intervals (the shutter was open for 50 ms at 1 s intervals) after beam injection, and continuously record the neutral atoms with the MCP detector. In Fig. 3 we show the number of counts during the laser pulse as a function of time after ion injection. An IPG Photonics YLD-5-LP ytterbium fiber laser operating at a wavelength of 1075 nm was used to photodetach the excited 3d 9 4s 2 2 D 3/2 ions of Ni − , while leaving the ground state ions unaffected.
To measure the effective ion-beam storage lifetime, the above process was repeated using a tunable Ti-sapphire laser operating at a wavelength of 910 nm to photodetach both the anionic ground state and the bound upper fine-structure level. The two data sets in the upper panel of Fig. 4 show the integrated number of counts with the laser on for the two different laser wavelengths. For λ = 1075 nm only the ions in the metastable state can be photodetached but to a smaller extent even ground state ions will contribute to the signal through collisional detachment in the residual gas. For λ = 910 nm both levels can be detached, but the photodetachment cross section is higher for ions in the metastable state than for ground state ions. In both cases the functional form of the time-dependent yield will be a linear combination of the same two exponential functions plus a constant due to the dark count rate of the detector. The two data sets are fitted together in a least-squares fit procedure where the functional forms of the integrated number of counts N(t) and N ′ (t)
at the two wavelengths λ = 1075 nm and λ = 910 nm, are:
and
Here, the fit parameters are the four coefficients, A, B, A ′ , and B ′ , the constant count rate of detector dark counts, C, and the two effective lifetimes, τ eff,3/2 and τ eff,5/2 . The constants n inj , ∆ ch , n ′ inj , and ∆ ′ ch are the numbers of injections and time-increments per channel for the data sets at 1075 nm and 910 nm, respectively. By this procedure the two effective lifetimes are extracted. These are sensitive to both data sets, but the shorter one, τ eff,3/2 , is most sensitive to the data recorded at 1075 nm, while the longer one, τ eff,5/2 , is mainly determined by the data recorded at 910 nm (see Fig. 4 ). As the background is described through the constant dark count rate, C, it is not necessary to extend the measurement at 1075 nm to long times to determine the background. In this way, time can instead be spent more efficiently by making more injections.
The effective lifetimes extracted from the data sets recorded at the base temperature of 13 K are τ eff,3/2 = 14.4 ± 0.2 s and τ eff,5/2 = 272.0 ± 2.8 s. As we will argue below, the effective storage lifetime (τ eff,5/2 ) is to a very good approximation only limited by residual gas collisions. We can then assume that it is inversely proportional to the residual-gas density. The effective decay rate of the short component Γ eff,3/2 = 1/τ eff,3/2 is under these conditions a sum of the spontaneous decay rate to be determined and a term proportional to the residual-gas density (which is about 10 4 H 2 molecules per cm 3 [35] ). By measuring at different residual-gas densities we obtain pairs of τ eff,3/2 -against τ eff,5/2 -values and deduce the decay rate in the absence of residual-gas collisions by extrapolating to Γ eff,5/2 =0, as shown in Fig. 5 . To control the residual-gas density we raised the temperature of the cryogenic vacuum chamber slightly (to 19 K) and repeated the measurements at both wavelengths.
An example of such measurements at 19 K yielded the data in the lower panel of Fig. 4 .
We have used several sets of measurements at the elevated temperature of 19 K. The reason for this is that the residual gas density at this temperature may depend somewhat on the rate of temperature increase (from 13 K) and earlier heating/baking cycles. with α = 1, which would be the result if the cross sections for collisional detachment were identical for the J = 3/2 and J = 5/2 levels. It is important to stress that our result is obtained without making any assumption of the value of α and instead we use the linear fit in Fig. 5 .
Our result τ sp =15.1 ± 0.4 s is obtained by considering that losses other than those due to collisions in the residual gas are unimportant. In connection with the measurement of the lifetime of the excited bound state in S − [34] , it was concluded that the beam loss rate in the absence of residual gas must have been smaller than 10 −3 s −1 [34] . As the same ion beam energy, 10 keV, was used in that experiment [34] as here, the rate for Ni − beam losses without any residual gas would be less than 10 −3 s −1 . Furthermore, such losses should be equally important for ions in the ground and metastable states. Therefore they would shift the four data points in Fig. 5 by equal amounts along the vertical and horizontal axes. As the slope of the straight line fit is close to unity, the data points would basically just shift along this line. This could only lead to corrections much smaller than the error we give in our final result. [41] . Clearly, experimental data are needed in order to test the models used to describe decay processes in negative ions.
In conclusion, we report the lifetime of the excited fine-structure level in Ni − to be 15.1 ± 0.4 s. The relatively small error is due to the fact that the ion-beam storage lifetime is almost a factor of twenty longer than the excited state lifetime. This is in contrast to the much longer S − lifetime that we recently reported [34] , in which the beam storage lifetime was only about twice as long as the spontaneous radiative decay lifetime.
In order to improve the precision in the lifetime measurements, we plan to make separate measurements of the absolute detachment cross-sections for ground and excited state Ni 
